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Sommario
Lo scopo di questo lavoro è stato la creazione di modelli matematici in grado
di simulare e studiare il diverso comportamento dinamico di una sottostruttura tra
la configurazione reale e quella di prova, vale a dire tra quando essa è montata
sull’assieme per la quale è stata progettata o su di una macchina di prova per il
collaudo. Questo problema nasce generalmente quando i componenti vengono testati
per la loro affidabilità dando luogo ad un sovra o sotto dimensionamento degli stessi.
Un’analisi delle principali tipologie di test, dipendenti dal tipo di problema investigato
da fenomeni di sollecitazione massima a quelli di fatica, è stata condotta nella fase
preliminare. Successivamente sia le due configurazioni principali, reale e di prova, sia
le tipologie di collaudo maggiormente utilizzate, sono state implementate con modelli
matematici. Sui modelli matematici sono state eseguite sia analisi modali sia analisi
armoniche per permetterne il confronto utilizzando il software Matlab. Infine sono
state condotte le stesse tipologie di analisi su modelli più complessi, considerando
come assieme, una parte di un motore aereo, e come sottostrutture, generici accessori
utilizzati in campo aerospaziale. Contrariamente al caso precedente, per questo
studio sono state fatte simulazioni agli elementi finiti utilizzando il software Ansys.
Abstract
The aim of this work is to create a mathematical model that enables the simulation
and investigation of the different dynamic behaviour of a substructure, when it is
attached to its assembly or placed on a shaker. This problem arises regularly when
components are tested for their reliability and can lead to significant over or under
testing, thereby introducing uncertainty into the test results. The present work
includes a review of the applied test procedures depending on the problem at hand
from high amplitude to fatigue failures. In a first step the two main configurations,
real - on the structure - and test - on the shaker - are modelled, and different kinds of
tests are simulated with a theoretical model in Matlab. Modal and harmonic analysis
are carried out for these models to allow the comparison between the configurations.
Afterwards a similar analysis is carried out with an FE code for more complex
models, where a part of an aircraft engine is consider with it’s generic accessories as
a substructures.
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Introduction
This thesis is result from a research project at Imperial College London in
collaboration with Rolls Royce PLC. The aim of this work is to quantify the difference
in the dynamic behaviour of a substructure when it is mounted on its assembly
and when it is attached to a shaker for testing. The testing of components is a
significant part of the designing processes, both for validation of FE models and as
check for high amplitude or fatigue failure. The main issue is that the test, carried
out on the shaker for different reasons cannot reproduce accurately the complete
vibration environment generating from the assembly. Therefore each test will only
be an approximation of the real configuration in which the substructure will operate.
There are several reasons for the difference between test and real behaviour:
• If the test is carried out at different company from the one which produces the
assembly, this can only obtain the envelope of the mounting point responses
because of intellectual property. The mounting points are the points where the
accessory is attached to the assembly.
• Even if the complete mounting point responses is available this cannot be
applied one to one by the shaker to the substructure. This is because in reality
one mounting point has 6DOFs, but the shaker can apply only one of these to
the accessory, generally one translational displacement orthogonal to the plane
where the shaker is fixed.
• The assembly applies to the substructure a different vibration level for each
mounting point, but the shaker can only apply the same mounting point
response for every attachment point.
• The shaker is a very stiff body with its own dynamic, while the assembly has
a totally different dynamic behaviour which influences the behaviour of the
xvi
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mounted substructure.
For all these reasons it is paramount to understand what the differences between
the real and test configurations are, in order to minimise over and under testing and
improve the final test results.
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